ABSTRACT: The effluents from fish farming can increase the quantity of suspended solids and promote the enrichment of nitrogen and phosphorus in aquatic ecosystems. In this context, the aim of this work was to evaluate the efficiency of three species of floating aquatic macrophytes (Eichhornia crassipes, Pistia stratiotes and Salvinia molesta) to treat effluents from Nile tilapia culture ponds. The effluent originated from a 1,000-m 2 pond stocked with 2,000 male Nile tilapia Oreochromis niloticus. The treatment systems consisted of 12 experimental tanks, three tanks for each macrophyte species, and three control tanks (without plants). Water samples were collected from the: (i) fish pond source water, (ii) effluent from fish pond and (iii) effluents from the treatment tanks. The following water variables were evaluated: turbidity, total and dissolved nitrogen, ammoniacal-N, nitrate-N, nitrite-N, total phosphorus and dissolved phosphorus. E. crassipes and P. stratiotes were more efficient in total phosphorus removal (82.0% and 83.3%, respectively) and total nitrogen removal (46.1% and 43.9%, respectively) than the S. molesta (72.1% total phosphorus and 42.7% total nitrogen) and the control (50.3% total phosphorus and 22.8% total nitrogen), indicating that the treated effluents may be reused in the aquaculture activity. Key words: Eichhornia crassipes, Pistia stratiotes, Salvinia molesta, aquaculture, nutrients
INTRODUCTION
The main input of energy in intensive aquaculture is fish feed, partly transformed into fish biomass and partly released into the water as suspended organic solids, carbon dioxide, ammonia, phosphates and other compounds (Boyd, 2003; True, et al., 2004; Baccarin & Camargo, 2005) . Together with excretory products, this can result in a considerable input of organic and inorganic matter to the aquatic ecosystem (Piedrahita, 2003; Stephens & Farris, 2004) . To reduce this effluent loading it is important to formulate highly digestible diets with lower nutrient levels. In addition, it is necessary to treat effluents to attend new legislative demands and the pressure coming from environmentalists. Treating effluents using aquatic macrophytes may be an alternative approach for fish farming management. Macrophyte-based wastewater treatment systems are relatively inexpensive to construct and operate, easy to maintain and provide effective and reliable wastewater treatments (Farahbakhshazad et al., 2000; Lin et al., 2005; Greenway, 2005; Hadad et al., 2006) . The resulting gains in vegetative biomass can also provide economic returns when harvested (El-Sayed, 1999; Singhal & Rai, 2003) . Some floating aquatic macrophytes are used in constructed wetlands, mainly in tropical countries, due to their capacity to absorb and store large quantities of nutrients, and their rapid growth rate (Ran et al., 2004; Costa-Pierce, 1998) . In Brazil, floating aquatic macrophyte species are abundant and widely distributed, occurring both in polluted and non-polluted aquatic ecosystems (Thomaz & Bini, 1998; Henry-Silva & Camargo, 2003; .
The aim of this study was to evaluate the efficiency of the floating aquatic macrophytes Eichhornia crassipes, Pistia stratiotes and Salvinia molesta to treat wastewater from Nile tilapia (Oreochromis niloticus) culture ponds.
MATERIAL AND METHODS

Experimental Design
The research was carried out in Pirassununga, SP, Brazil (21 o 55'46'' S and 47 o 22'24'' W) between December (1999) and May (2000) , during the hot season, in a completely randomized design with four treatments (Eichhornia crassipes, Pistia stratiotes, Salvinia molesta and control) (n = 3) (Figure 1 ). These macrophytes were placed in 2,000 L outdoor concrete tanks (4.0 m 2 surface area) in triplicate, with continuous wa- 
The Nile Tilapia Pond
Juvenile males of Nile tilapia (24 g) were stocked in a 1,000 m 2 (2 fish m -2 ) pond in order to generate the waste to be treated by the experimental systems with aquatic macrophyte species. Fish were hand fed daily (ad libitum) at 10h00m and 16h00m using a commercial tilapia diet. At the end of the experiment, Nile tilapia had mean individual weight gain of 266 g. Feed conversion rate was 0.77% per day and the total amount of ration supplied was 450 kg.
Weekly Monitoring -Water Quality
Weekly samples were collected from: (i) pond source water, (ii) pond effluent and (iii) treatments effluents (Figure 1 ). Sampling was carried out between 08:30 a.m. and 09:30 a.m. hours for fourteen weeks. Turbidity was monitored using a Horiba U-10 multisensor, in NTU units (Nepholometric Turbidity Units). Total and dissolved nitrogen (total-N and dissolved-N), nitrite-N and nitrate-N concentrations were determined according to Mackereth et al. (1978) and ammoniacal-N by the method proposed by Koroleff (1976) . Total phosphorus (total-P) and dissolved phosphorus (dissolved-P) concentrations were determined according to Golterman et al. (1978) .
Statistical Analyses
The dry mass (DM) of aquatic macrophytes was estimated by a simple linear regression equation between wet and dry weight (Zar, 1999) . Mean (14 weeks) removal percentage of nutrients and turbidity by treatment systems was calculated by: R = 100-[(100*NC te )/NC pe ] where: R = removal percentage, NC te = nutrient concentration of the treatment effluent and NC pe = nutrient concentration of the pond effluent.
RESULTS
Pond source water and pond effluent
Nitrogen, phosphorus and turbidity increased in pond effluent as compared with pond source water ( Table 1) . For pond effluent, the mean concentration of phosphorus, nitrogen and turbidity increased during the experiment. During the first week, concentrations of total-P and dissolved-P were 45.5 and 17.6 μg L -1 , respectively, and at the end of the experimental period the concentrations were 106.5 and 32.1 μg L -1 , respectively. Mean values of turbidity varied from 12 to 53 NTU (Figure 2 ).
Effluents treated with aquatic macrophytes
Pond effluent quality improved after treatment with E. crassipes, P. stratiotes and S. molesta (Table  1) . Concentrations of total-P, dissolved-P, total-N and dissolved-N, and the turbidity of the effluents treated by the tree species of aquatic macrophytes were lower when compared to the values of the pond effluent for all weeks. The lowest values of such variables were observed for effluents treated with E. crassipes and P. stratiotes (Figure 2) .
The highest mean removal percentage (which was achieved along 14 weeks) of phosphorus, nitrogen and turbidity were obtained by E. crassipes (82.0% total-P; 71.8% dissolved-P; 46.1% total-N; 39.1% dissolved-N; 70.2% NH 3 -N; 36.2% NO 2 -N; 55.6% NO 3 -N; 90.6% turbidity) and P. stratiotes (83.3% total-P; 74.9% dissolved-P; 43.9% total-N; 36.8% dissolved-N; 64.9% NH 3 -N; 33.8% NO 2 -N; 48.8% NO 3--N; 89.3% turbidity), while for the S. molesta, mean percentage removal efficiency was 72.1% total-P; 65% dissolved-P; 42.7% total-N; 36.4% dissolved-N; 60.9% NH 3 -N; 27.5% NO 2 -N; 83.8% turbidity. The control yielded the lowest mean percentage removal efficiency: 50.3% total-P; 34.3% dissolved-P; 22.8% total-N; 18.4% dissolved-N; 41.1% NH 3 -N; 21.1% NO 2 -N; 28.0% NO 3--N; 59.0% turbidity and the treatment with S. molesta showed the lowest removal of nitrate-N (1.2%) (Figure 3 ). Figure 4 shows the dry mass of aquatic macrophytes for all the experimental period. The treatment with E. crassipes had a higher final biomass (1738.9 g DM m -2 ) than P. stratiotes (665.3 g DM m -2 ) and S. molesta (442.8 g DM m -2 ). Biomass values of S. molesta stabilised after 30 days.
Aquatic macrophytes growth
DISCUSSION
There was an upward trend for the concentrations of phosphorus, nitrogen and turbidity in the pond fish effluent during the test period. These changes were probably associated with increasing feed supply, due to the fish body weight gain and decomposition of organic matter. At the end of the experiment the amount of feed added to the fish was three times higher than in the beginning, while Nile tilapia showed mean individual weight gain of 266 g. Baccarin & Camargo (2005) also observed positive correlations between fish body weight and the increases in the concentrations of total phosphorus, total nitrogen and suspended solids in the water.
The efficiency of both E. crassipes and P. stratiotes treatments in reducing turbidity probably was due to their great rhizosphere development and the shallowness of the tanks, which probably favoured the adsorption and precipitation of suspended particles. The treatment S. molesta presented a reduction on Nnitrate removal and intermediate removal values of the other nitrogen compounds, phosphorus and turbidity. The control had the lowest removal efficiency of turbidity and nutrients, with the exception of N-nitrate.
Although Reddy & DeBusk (1985) concluded that E. crassipes is more capable of removing nitrogen and phosphorus than P. stratiotes, in the present work no significant differences were observed in the nutrient removal capacity of these two species. Other Week authors have observed that E. crassipes was less efficient in phosphorus removal than inorganic forms of nitrogen removal (Dunigan et al., 1975; Sooknah & Wilkie, 2004) . However all systems, including the treatment control, were more efficient in removing the total phosphorus content than the total nitrogen content. Nutrient removal, mainly of phosphorus, was considerably higher than other systems used for the treatment effluents with high nitrogen and phosphorus concentrations. Manfrinato (1989) used E. crassipes to treat water from the Piracicaba River (from 0.10 to 0.27 mg L -1 of total-P and from 0.20 to 2.6 mg L -1 of ammoniacal-N) and reported 47% removal of total-P concentrations. DeBusk et al. (1983) used the same species to treat domestic effluents with high nutrient concentrations (0.7 mg L -1 of the PO 4 3-and 3.2 mg L -1 of the nitrate-N) and reported total phosphorus removal rates of 10%. Redding et al. (1997) , analysing macrophytes of different ecological groups to treat fish farm effluents, observed mean reductions of 4.3% for ammoniacal-N using Azolla filiculoides (floating), 8.2% using Elodea nuttalli (submersed) and 10.7% using Roripa nasturtiumaquaticum (emergent).
The treatments E. crassipes and P. stratiotes presented similar efficiency for nutrient removal. However, E. crassipes weight gain was about 2.7 times higher than that of P. stratiotes. Considering the interest for using the biomass of aquatic macrophytes as plant compost, biogas production and animal feed, E. crassipes should be preferred as treatment for aquaculture effluents. On the other hand, if these goals are not of interest, P. stratiotes is recommended because of the lower gain of mass, thus reducing problems from exceeded biomass. In the present work, removal of plant biomass was not necessary due to the relatively short experimental period. It is recommended, however, that periodic cropping should be investigated as a means of maintaining high rates of vegetative growth in the macrophyte population and, consequently to create a positive effect on nutrient removal.
The potential absorption of nutrients by aquatic macrophytes is influenced both by biomass increase and by the concentration of nutrients in plant tissues. Therefore, species of aquatic macrophyte that have fast growth and capacity to produce higher biomass are more efficient for the treatment of aquaculture effluents. Probably because of the lower biomass of S. molesta this species was less efficient in the removal of nutrients than were E. crassipes and P. stratiotes. The biomass of S. molesta reached the maximum (carrying capacity) in the first month of the experiment, while the other two species increased biomass along four months. 
Control S. molesta P. stratiotes E. crassipes
Quality of aquaculture effluents should not differ from the water quality used in the farms (Mires, 1995) . E. crassipes and P. stratiotes presented higher efficiency in improving effluent quality because the effluent treated contained nitrogen and phosphorus at similar concentrations and, in some cases, lower nutrient concentrations in comparison to the inflow water of the Nile tilapia pond. Therefore, after macrophyte treatment, it is possible reusing effluent treated in fish farms and to release it into the aquatic ecosystem avoiding artificial eutrophication.
